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@ Vessel hull and construction method. 

©The paraUel midbody (132)for the hull of a tanker is fabricated of modules (^24). ea«^^^ 
doutte^ST iongihJdinJ subassemblies (108) welded to one another and to a bulkhead (118)..The 
^^^^J^^^e of outer cylindrical^ curved plates (32) welded edge to edge, and inner 
SSS oSvS^pte^ (32) welded edge to edge. Longitudinal nD plates (68) are e^derided be^j^een 
SJSt^lSdi i^^ Uieen curv^pjates inthe inner arKi outer h^ The ^n.ed p^tes (^^^ are 
convex towards the Sderior of the vessel. At respective transitions between the ^^^m and s me 
S^^nd outer huHs have bilge redH whfch appmximate in ^ the radii <rf <^^;?^«/ 
o^^L indudlnc ones both adjacent to and remote from the bottom-lo^ide transitions. A ftduie (82) for 
feStiS JSr-loSte 5o4) of the subassemblies is provided. The subassembkes (10^ a^^^ 
SSS (124) S fa^ an upended orientatton. Each successively completed rTK)dirie (124) 
SSSr^Sf jSned to me growing midbody (1 32) with the aid of a variable buoyancy barge (120) and a 
caisson pontoon (134). 
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The present bivention relates to a vessel hull 
structure and to a method of constructing a vessel 
hull. 

In the U.S. patent to Tomay, 4,638,754, issued 
January 27, 1987, there Is disclosed a vessel hull and 
constnjction method, which is said to be particulariy 
suitable for vessels of double hull constmcb'on, such 
as gas tankers with almost complete double hulls, and 
oO and product tankers with double bottoms. The dis- 
closed system is said to be suitable for construction 
of commercial and naval ships and barges, and to be 
adaptable to provide any arrangement of decks and 
bulkheads within the hull. 

In the constiuctk)n system disclosed In the Tor- 
nay patent, the plating of the outer hull and bulkheads 
Is constructed of standard-sized steel plates, usually 
about 8 feet by 40 feet, which are rolled to a slight 
cylindrical curvature, the axis of which is parallel to the 
longer edge. On the shell of the vessel, the plates are 
arranged with th^ long edges longitudinal. The 
plates are arranged with the curvature inwards or out- 
wards, depending on the direction of the highest local 
load. The curved plates are then provided with a 
reverse bend or recurve along the midline between 
the long longitudinal edges. The short transverse 
edges and the tong longitudinal edges are butt-wl- 
ded together. To the midline of the plates at the 
recurve are welded longitudinal steel girders such as 
Lor T-beams which match the recurved portion of the 
curved plates and are of sufRdent depth and section 
modulus to span thedtetance bebnreen transverse bul- 
kheads or deep webs. The local pressure loading on 
the plate causes a tensile or compressive stress, 
depending on the direction of the load, uniformly 
across the thickness of the curved plate in the same 
way that a cylindrical pressure vessel is stressed by 
an internal pressure. Because the plating is not sut>- 
jected to local pane! bending, closely spaced primary 
stiffeners are saM to be not required. In addition to effi- 
cientiy absorbing local pressure fbrces such as trans- 
verse membrane stresses, the curve and reverse 
curve also are sakl to provide stiffness in the longitu- 
dinal direction needed to resist compressive budding 
caused by longitudinal huD bending stresses. An 
additional efficiency is said to be obtained from the gir- 
ders along the midline of the curved plates, and thus 
contribute to the principal section nK)dulus of the hull 
needed to resist longitudinal bending. 

Such detans of the oonstnjctton as orientatton of 
each module while being constnicted, the method and 
means for perfoimlng the welding of module elements 
to one another, and of modules to one another. Jigs or 
fbctures useAil during modul febricatkm or Joining, 
andmodid handling and manipulation apparatus and 
techniques do n t appear to be presented in the Tor- 
nay patent, leading one to conclude that no non-con- 
ventional m thods or means for constmctksn were 
contemplated. 



In a vessel hull, the ability of an unreinforced cur- 
ved steel to resist pressure forces, bending, and buck- 
ling is determined by well known and classic criteria 
and is a direct function of plate width, length and thick- 

5 ness and an indirect function of radius of curvature. 
Some flat plate tanker designs exist in which 
there is no transverse stmcture reinforcing the inner 
and outer hulls except for transverse bulkheads. The 
elimination of transverse structure in such designs is 

10 not therefore a new idea. However, the use of curved 
plate results in a buOdup of excessive transverse for- 
ces at the lower comers (bOges) of the vessel which 
would nonnally require the installatton of transverse 
deep webs, as contemplated in the Tornay patent 

16 Details of the design of a curved plate vessel 
which would eliminate the need for deep webs are not 
disclosed in the Tomay patent, nor are detals which 
wouki eliminate the need to recurve the curved plate 
atong Its n^diine. 

20 The use of a flat plate duct keel and flat plate 
upperoomer box girders whteh permit the use of stan- 
dardized cuived plate modules in a wide range of dou- 
ble hull tanker sizes is not disclosed in the Tomay 
patent 

25 The useof acurved plate midbody in combination 
with flat plate bow and stem ends of a doublls hull tan- 
ker is not disclosed in the Tomay patent 

Shipfttting the most technically demanding and 
time-consuming element of subassembling vessel 

30 hull sections. Shifting, holding, bending and trimming 
of plates and ottier elements is necessary so ttiat 
welding can be satisfectorily acconrtpllshed and so 
that subassemblies can be assembled to one anotiier 
to provide a hull that meets spedficattons. 

35 The techniques of eiectroslag/electrogas welding 
generally require the use of a continuous cooling shoe 
on the backsides of T-joints while welding is being 
accomplished, in prior art consfauctlon techniques 
using electroslag/ electrogas welding, efficiency has 

40 been penalized due to the time needed to set-up and 
provide cooling water plumbing to tiie coding shoe. 

Shipfitting and welding of vessel hulls as heretof- 
ore practtoed in even ttie most highly rationalized con- 
sbuctton facilities has necessitated that ttie 

45 constniction workers have a lot of training and pos- 
sess a wide range of skills. Increasing scarcity of 
trained woikers possessing such a broad range of 
skills has driven-up labor costs to the pointwhereves- 
sd hulls cannot be profitably fabricated in many 

so areas. 

Conventional fabrication techniques also have 
made extensive use of temporary shipfitting devices, 
many of which are wdded-on bi n imal practice, 
necessitating a considerable amount of surface prep- 
S5 aration and painting after tiie devices are disconnec- 
ted frcmi the work. 

Also in the prior art are assembly lines for flat 
panels. A ^ical pand assembly lin comprises a 
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long conveyor al ng which are m unted devices for 
assembling and welding steel sheets into panels each 
weighing, for instance, from 1 0 to 50 tons. Flat panels, 
when assembled to provide huHs, tequire the use of 
transverse framing crossing longitudinal framing. s 

If vessel hulls are constructed in modules that are 
sequentially connected to fonn the hull, and an 
attempt is made to do so on land, the land crane that 
would need to be used is expensive, and, should it 
become no long^ needed due to eventual curtailing 
of the project, can be expected-to have lost consider- 
able vaiue. 

l^nd-based assembly might use a plurality (e.g., 
from six to ten) mobile cranes on pile^upported 
tracks. These are expensh^ to buy, install and main- 
tain. 

Two shipyards (neither of which Is still operating), 
known to the present inventors, fbnmeriy used tnodu- 
lar assembly and erectton procedures for constructing 
vessel huHs. 

One of these, the Erie yard of Utton Industries, 
built 1000-fbot long ore canrier midbodies. (A tan- 
ker/cam'er "midbody* is the main portion of the length 
of such a vessel, but for the bow and stem sections, 
that is of substantially constant transverse cross-eeo- 
tional size and shape.) 

At the Erie yard, midbody modules were each 
built in an upended spatial disposition (one which will 
be referred to herein as being "vertical"). These mod- 
ules were built In the extreme end of tiie same graving 
dock that was used for joining the modules to one 
another and for joining purchased bow and stem units 
to the midbody. The modules weighed 600 tons each, 
and an electro-hydrauiic jacking device was used for 
forming the IndMdual upended modules over into a 
horizontal orientation for serial joining to form the mid- 
body. The hydraulic jacking device, one of the largest 
ever made, was expensh^e to purchase, install and 
maintain. Failure of the device would have posed a 
serious tiireat to human lifo, and to the graving dock, 
which was the most expenshre and indispensable fia- 
cility at the Erie yard. 

(Graving docks, such as the one at Erie, use sta- 
tionary chnl constmction including pBings, concrsts, 
fill, and piping embedded in the concrete of the dock 
floor. Pumps are continuously operated for relieving 
tiie dock, through tiie pipes, of water seepage through 
ttie dock floor. A graving dock functions much as if It 
were a bathtub with a gate at one end to let a vessel 
in and out The level of the floor Is sufficiently below 
the level of the adjoining body of water to permit the 
vess I b ing buflt or dry-docked to float dear of th 
bfocking on th floor of the dock when the graving 
dock is filled witti water by pening valves connected 
to that adjoining body of water. The concrete fToor of 
a graving dock typically is supp rted by pfling that is 
adequate to support the full weight of the vessel when 
the graving dock is empty of water. The perimeter wall 



of a graving dock, is constmcted high enough to keep 
water out (except for seepag ), at the highest tide for 
which tiie facility is design d to encounter.) 

The module assembly area at the Erie yard was 
not accessible to heavy-lift floating derricks. Theref- 
ore, each subassembly had to be lifted using a land 
crane, often reaching to or beyond tiie maximum for 
whtoh it was designed. The crane lifting and reaching 
capabilities acted as limits on the size and weight of 
individual mkJbody modules whtoh oouM be fobrl- 
cated at tiie Erie yard. 

Thefoctttiat tiiegraving dockat tiie Erie yard was 
constructed in place and fixed in its location meant 
that it had limited resMual value, it could not befloated 
away and used elsewhere once there was no longer 
need for it at Erie. 

One other sMpyard at which modular assembly 
and erection procedures were used for constructing 
carrier/tanker vessel hulls, was the Arandal yard in 
Gotverken, Sweden. At the Gotverken yard, oD tan- 
km were buatin a graving dock. One end of the grav- 
ing dock was located Inskie an encfosed bulkllng. 
Modules were assembled horizontally, one after 
anotfier, at a single station located in the building, and 
then nwved out into position In the open end of the 
graving dock. Probably tiie movement was aooom- 
plished on rollers. Because the modules were con- 
structed horlzontelly, there was reduced accessibility 
for steel assembly and piping installation, compared 
wtth vertical oonstructkm, where a module being con- 
structed is open at the top rather than at the side. 

Caissons are conrunonly used for underwater 
work, e.g., for the construction of bridge piers, it is 
believed liy the present inventors that caissons may 
have been used in the pastfor Joining vessel hull sec- 
tions. 

Laige undenvater grids have been used under 
floating dry docks to stabilize them as ships were 
transferred off a floating dry dock onto land, or finom 
land onto a floating dry dock. A ship construction fa- 
cHity known as the Ingalte launching pontoon uses ttiis 
technique. 

The task of inspecting and maintoining conven- 
tional double-bottomed vessel hulls incorporated m 
canriersforbulkfluidsand/or particulate material such 
as oil, liquified gases, chemicals, ore and grain is dif- 
ficult Witii traditional egg crate-like stiffening struc- 
tures provkted longitudinally and transversely 
between the bottoms, tiie process is one of dimbing- 
over, ducking-under and squeezing through gird^ 
and plates in a constenfly couched position, with poor 
V ntaation (unless *moon suite' are worn), poor foot- 
ing, little to hold onto for support vtrhD n eding to 
carry iflumination means, and trying ne's best to 
locate anomalies in surfaces the expected color of 
vifhich is Hself dirt colored or rust colored. 

In accordance witii the pres nt invention, in a 
first mafai, aspect tiiere is provkled a vessel hull 
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strucbiiB comprising: a first plurality of plates welded 
to on another in series at joints along respective 
adjoining longitudinal dges of the plates to provid 
an outer hull structure having a bottom and two later- 
ally opposite sides; a second pluralityof platesweided 5 
to one another in series at joints along respective 
adjoining longitudinal edges of the plates to provide 
an Inner hull structure having a t)ottom and two later- 
ally opposite sides, said inner hull being arranged 
within said outer hull with the respective bottoms and 
sides of the hulls spaced apart; a plurality of longitu- 
dinal rib plates arranged between said inner and outer 
hdls; and a transverse bulk head located within said 
Inner hull; in which each plate of the said fnTSt and sec- 
ond pluralities of plates is an outwardly convex, cylin- 
drically arcuate plate, and In that each longitudinal rib 
plate has an outer longitudinal edge welded to the 
outer hull along a joint between adjacent plates of the 
outer hull, and an inner longitudinal edge welded to 
the inner hull along a joint between adjacent plates of 
the inner hull. 

In one piefenred Ibnm, it is anranged that the outer 
hull has an inteiruptlon, located medially of said bot- 
tom of said outer hull; and the inner hull has an Inter- 
ruption, located medially of said bottom of said inner 
hull; and there is provided a medially arranged, lon- 
g^dinally extending duct keel disposed in both said 
Interruptions and weldedly joined to longitudinal 
edges of respective adjoliting plates of said first and 
second plurality of plates. 

Preferably, the said Inner hull and outer hull have 
two longitudinally opposite ends and said bulkhead Is 
provkied at one of saki ends of saUJ Inner hull. 

There may also be provkied In accordance with 
the inventk)n a paraQel midbody for a vessel hull com- 
prising a plurality of like modules serially weldedly 
connected end-to-end to provkie a parallel midbody, 
each said module comprisaig a hull structure as set 
out in the prevtous paragraphs. 

There may further be provkied a vessel hull com- 
prising a mklbody as set out in the previous para- 
graph, a vessel hull bow section weldedly connected 
to one end of saki midbody, and a vessel hudi stem 
setiSm weldedly connected to the opposite end of 
said midbody. 

In preferred fcmts, of stnjctures according to the 
invention, each rib plate is provided on one face 
thereof with a plurality of laterally projecting kick plate 
stiffeners spaced from one another iongitudirmliy of 
said inner and outer hulls and each extending from 
adjacent saki inner hull to adjacent said outer hull. 
Preferably each rib plate is provided with at least one 
lightening hoi opening therethrough laterally of said 
Inner and outer hulls 1 ngitudlnally between a respec- 
tive adjacent two of said kick plate stiffeners. 

in a preferred form f a v ssel hull stnicture 
according to the inv ntton saki inner and outer hulls 
and rib plates are constituted of four substantiany 



klentical subassemblies, comprising: starboard and 
port bottxmi subassemblies which are mirror images 
of one another, respectively joined edgewise with said 
duct keel and with starboard and portsidewall subas- 
semblies which are minor Images of one another. 
Preferably said sides of said inner and outer hulls 
have upper edges and a deck structure bridging be- 
tween and connecting saki starboard and port 
sidewall assemblies at said upper edges of said inner 
and outer hulls. Also preferably at respective transi- 
tions t>etween ttie bottom and sides of each of said 
inner and outer hulls and said inner and outer hulls 
have bOge radii which approximate in size of the radii 
of curvature of others of said cylindrically arcuate 
steel plates In respective of said hulls, including ones 
both acQaoent to and remote firom saki transitions. 

In accordance with another preferred feature, 
there may be provkied a paraQel midbody as set out 
above for a double-hulled vessel, in which each first 
plate is substantially rectangular in plan so as to have 
two long edges and two short edges, and is curved by 
being arcuate about an axis tiiat is substantially par- 
allel to said long edges, each second plate is substan- 
tially rectangular in plan so as to have two long edges 
and two short edges, and curved by being arcuate 
about an axis tiiat is substentially parallel to said long 
edges, and each rib plate is arranged between said 
inner and outer hulls witii one long edge thereof 
juxteposed witti a plate-to-plate joint site of said outer 
hull, and the otiier long iedge tiiereof juxteposed witti 
a corresponding plate4o-piate joint site of saki Inner 
hull, so tiiat tiiree long edges of tiiree different ones 
of said plates are juxteposed at each plate-to-plate 
joint site: at each saki plate-to-plate joint site, the res- 
pective said tiiree tong edges being welded togetiier 
to provkie a respective welded T-Joint. 

In accordance with another preferred aspect of 
the Invention, titere may be provided a parallel mid- 
body as set out in broad tenns hereinbefore, charac- 
terised by ttie substential absence of transverse 
reinforcement between said inner and outer hulls but 
for said bulkheads. 

In accordance with the invention in anotiier main 
aspect, ttiere may be provided a longitudinal subas- 
sembly fixture for fabricating subassemblies for mod- 
ules for a parallel midbody for a double hull vessel, 
said fixture comprising: three rows of vertical towers 
having fixed bases. Including one Inner row, and two 
outer rows located on opposite sides of saki inner row; 
each tower in said inner row having four woridng 
feces, including two facing respective ones of said 
outer rows, and two facing in opposite directions 
al ng said inner row; ach tower in saki outer rows 
having on working fece feeing towards said kin r 
row; each working fece having mounted tiiereto a res- 
pective frame means arrang d in pairs; each frame 
means in each pair being mounted to th respectiv 
tower by jack means for movement towards and away 
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from the respective tower, and within each pair of 
fram means, th tworesp ctive frame means b Ing 
provided with complementary surfaces for engaging 
and holding between them a respective plate; and 
means mounted to said towers for welding vertical T- 5 
joints between respective abutting edges of respec- 
tive groups of three plates while two of such plates are 
engaged and held between adjoining pairs of frame 
means. 

In accordance with the invention in a further main io 
aspect* there may be provided apparatus for assembl- 
ing a bulkhead with a plura% of iongftudinal subas- 
semblies for a module for a parallel midbody for a 
double hull vessel to provide said module, compris- 
ing: an underwater grid of upright pilings providing a is 
submerged support surface means; a variable 
buoyancy barge overlying said submerged support 
surface and being adjustable betiveen a floating mode 
in which said barge is floating above said submerge 
support surface and therefore is susceptible to being 20 
rotated about a vertical axis, and a sinic mode, in 
which said barge is firmty grounded on said sub- 
merged support surface; means for supporting a hori- 
zontaliy lending bulkhead on said barge; a derrick 
for lifting and depositing on tiie barge a successkin of 25 
longitudinal subassemblies for a module for a parallel 
midbody for a double hull vessel said derrick being 
adapted to lift said subassemblies singly and set each 
in place on said barge around tiie perimeter of saki 
bulkhead, whereby saki barge may be floated and so 
rotated between uses of the denick to place said sub- 
assemblies succes^vely thereon, and may be dis- 
posed in said sunk mode while each subassembly is 
loaded ttiereonfo by saki denrick, and whereby said 
subassemblies may be welded to one anotiier and to 39 
said bulkhead whfle disposed on said barge. 

It is to be appreciated that where aspects of ttie 
invention have been described with r^erence to vari- 
ous forms of structure and apparatus, these features 
may also be provkied In accordance with correspond- 40 
Ing methods, and vice versa. 

In particular, there may be provided in accord- 
ance with tiie invention a vessel hull construction 
method, comprising: providing a flrst set of cylindri- 
cally curved rectangular plates serially arranged 4S 
edge-to-edge, ail convex in one direction with all axes 
of curvature vertically oriented; providing a second set 
of cylindHcally curved rectangular plates serially 
arranged edge-to-edge, all convex in said one direc- 
tion witi) ail axes of curvature vertically oriented; pro- so 
viding a further set of vertically arranged rectangular 
plates each having one h^ngitudinal edge disposed 
adjacent edges of two adjoining ones of saki plates In- 
said first set and an opp site longitudinal edge dis- 
posed adjacent edges of two adjoining ones of said 55 
plates in saki second set to provide resp ctive Tjoint 
sites; whQe holding each sakJ plate by ngagement 
wittibotti opposite facesth reofformainteining a des- 



ired shape and position for each said plate, welding a 
respective T-joint at each saki T-joint site; and releas- 
ing said plates from being held. 

There will now be set out a large number of alter- 
native aspecte of ttie Invention. It is to be appreciated 
that there will be set out a number of additional broad 
aspects of tiie invention independent of those des- 
cribed hereinbefore and independent of each other. 
There wOl also be descrit>ed a number of preferred 
and optional features. The scope of the present inven- 
tion encompasses all combinations of the various 
novel features set out, whetiier specifteally linted 
togettier or whetiier disctosed separately. 

According to tiie invention In a fUrttier main 
aspect ttiere may be provkied a vessel hull construc- 
tion, comprising: a first pluralHy of outwardly convex, 
cylindricdiy tfcuate steel plates welded to one 
another in series at joints along respective adjoining 
long'rtudina! edges to provide an outer hull having a 
bottom and two laterally opposite sides witii one inter- 
ruption, located medially of said bottom of said outer 
hidt; a second plurality of outwardly convex, cylindri- 
cally arcuate steel plates, welded to one anotiier in 
series at jointe along respective adjoining longitudinal 
edges to provkle an Inner hull having a bottom and 
two laterally opposite skies witti one interruption, 
located medially of saki bottom of said inner hull; saki 
inner hull being arranged wittiin said outer hull so that 
the bottom of said inner hull spacedly confronte the 
bottom of saki outer hull and tiie laterally opposite 
sides of said inner hull spacedly confront the respec- 
tive laterally opposite sides of said outer hull; a 
plurality of longitudinal steel rib plates arranged be- 
tween said inner and outer hulls and each having an 
outer longitudkiai edge welded in a respective saki 
joint between two plates of said first plurality of steel 
plates and an inner longitudinal edge welded in a res- 
pective said joint between two plates in said second 
phirality of steel plates; a medially arranged, longHu- 
dinally extending duct keel deposed In botii saki inter- 
ruptions and weldedly joined to longitodinal edges of 
respective adjoining plates of said first and second 
pluraliiy of steel plates; and a transverse bulkhead 
located wittiin saki biner hull and having an cuter 
perimeter welded to a plurality of tiie plates of said 
second plurality of steel plates. 

In accordance witii another aspect, there may be 
provkied a vessel huQ oonslruction comprising: a 
plurality of like modules serially weldedly connected 
end-to-end to provide a parallel midbody having two 
opposite ends, each said module comprising: a first 
plurality of outwardly convex, ^indrically arcuate 
steel plates weld d to n anotiier in s ries at jointe 
alor^ respective adjoining longitudinal edges to pro- 
vkie an outer hull having a bottom and two laterally 
pposite sides with one intenuptton, located medially 
of saki bottom of said outer hull; a second plurality of 
outwarcRy convex, cylindrically arcuate steel plates. 
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welded to one another in series at joints along respeo- 
tive adjoining longitudinal dg s to provide an inner 
htdl having a bottom and two laterally oppostte sides 
with one Interruption, located medially of said bottcmi 
of said Inner hull; said inner hull t>eing arranged within 
said outer hull so that the t)ottom of said inner hull 
spacedly confronts the bottom of said outer hull and 
the laterally opposite sides of said inner hull spacedly 
confront the respecbve laterally opposite sides of said 
outer hull; a plurality of longitudinal steel rib plates 
arranged between said inner and outer hulls and each 
having an outer longitudinal edge welded In a respec- 
tive said joint between two plates of said first plurality 
of steel plates and an Inner longitudinal edge welded 
in a respective said joint between two plates In said 
second plurality of steel plates; a medially arranged, 
longitudinally extending duct keel disposed in both 
said interruptions and weldedly joined to longitudinal 
edges of raspective adjoining plates of said first and 
second plurality of steel plates; atransverse bulkhead 
located within said Inner hull and having an outer 
perimeter welded to a plurality of the plates of said 
second plurality of steel plates; and said Inner hull and 
outer hull having two longitudinally opposite ends and 
saM bulkhead being provided at one of said ends of 
saki inner hull. 

In accordance with a yetfurther aspect there may 
be provkied a parallel midbody for a double-hulled 
vessel, comprising: a first set of at least two steel 
plates each of which is substantially rectangular in 
plan so as to have two long edges and two short 
edges, and curved by being arcuate about an axis that 
is substantially parallel to said long edges, said first 
set of steel plates being arranged long edge adjacent 
to long edge to form respective parts of an outer hull, 
with said curved plates each being convex outwards 
throughout the entire wkJth thereof from one sakI long 
edge thereof to the other said long edge thereof, a 
second set of at least two steel plates each of whteh 
is substantially rectangular in plan so as to have two 
long edges and two short edges, and curved by being 
arcuate about an axis that is substantially parallel to 
said long edges of said plates of said second set of 
steel plates, said second set of steel plates b^ng 
arranged long edge to adjacent long edge to form res- 
pective parte of an inner hull, witii said curved plates 
of saM second set each being convex outwards 
throughout the entire wkltii tiiereof from one said long 
edge thereof to tiie other said long edge thereof; said 
second set of steel plates being anranged in spacedly 
confronting relation tosaid first set of steel plates, witii 
respective adjacent long edges of steel plates in saki 
second set substenilally aligned with and laterally in 
substantially registrati n with respective adjacent 
long edges of st I plates in said first set to provkie 
at least on plate-to-plate joint site for each of said 
outer and inner hulls; a third set of at least one steel 
ptete, each of whnh is substentially rectengular in 



plan so as to have two long edges and two short 
edges; each steel plate of said third set being 
arranged between said Inner and uter hulte with on 
said long edge thereof juxteposed with a plate-to- 

6 plate joint site of said outer hull, and the otiier said 
long edge thereof juxteposed with a corresponding 
plate-to-plate joint site of said inner hull, so that tivee 
long edges of tiiree different ones of sakl plates are 
juxteposed at each side plate-to-plate joint site; at 

10 each sakl plate-to-plate joint site, tiie respective sakl 
three long edges being welded together to provide a 
respective welded T-joint; and a transverse bulkhead 
having an outer perimeter welded to a plurality of the 
steel plates of said second set. 

IS In accordance with another aspect there may be 
provkied a parallel midbody for a double hull vessel, 
comprising: an outer hull of outwardly cylindrically 
convex rectengular plates; an inner hull of outwardly 
cylindrically convex rectengular plates; a plurality of 

20 flat, longitudinally running plates having opposite 
edges welded to said inner and outer hulls along jolnte 
between respective rectangular plates of said outer 
and inner hulls; said parallel mklbody being provided 
as a series of modules welded end to end, each nnod- 

26 ule furtiier Including a bulkhead having an outer 
perimeter portion welded to sakl inner hull; and said 
parallel midbody being characterised by the substen- 
tial absence of transverse reinforcement between 
said inner and outer huHs but for said bulkheads. 

30 Convenientiy each module is about 50 feet in 
length and said kiner hull is spaced about 2 meters 
from said outer hull at the bottom, sides and bDges of 
said parallel midbody. 

In accordance witii a further main aspect of tiie 

36 Invention, there may be provided a longitudinal sub- 
assembly fixtore for fabricating like bottom and skle 
subassemblies for modules for a parallel midbody for 
a double hull vessel, said fixture comprising: three 
rows of vertical towers having foced bases, including 

40 one inn^-row, and twoouterrows located on opposite 
skies of said inner row; each tower In said inner row 
having four woridng faces, including two facing res- 
pective ones of said outer rows, and two teeing in 
opposite directions along said inner row; each tower 

45 In said outer rows having one woridng face facing 
towards said inner row; each woridng tece having 
mounted thereto a respective frame means arranged 
in pairs such that each frame means on a tower in an 
outer row spacedly confironte a lirame means on a 

60 tower in said inner row, and such that each frame 
means on an inner row tower which Is provided on a 
face which faces along said inner row spacedly con- 
fironte another said frame means on an adjacent said 
inner row tower, eadifram means in each pair b ing 

55 mounted to the respectiv tower by jack means for 
movement towards and away from th respectiv 
tower, so that witiiin each pair of fram means, each 
frame means can be forced into closer relation witii 
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the other and released to move away from the other; 
within each pair of frame means, th two respective 
fram m ans being provided with complementary sur- 
^ces for engaging and holding between them with a 
predetermined shape and spatiai orientation a res- 
pective plate: and means mounted to said towers for 
welding vertical T-joints between respective abutting 
edges of respective groups of three plates while two 
of such plates are engaged and held between adjoin* 
ing pairs of frames means respectively mounted one 
frame means to a tower in said inner row and a tower 
in said outer row and while the other one of such 
plates is engaged and held between a respective pair 
of frame means respectively mounted one frame 
means each to two adjoining towers in said inner row. 

It m&^ be arranged that each said pair of frame 
means which includes one frame means mounted to 
a tower in an outer row and another frame means 
mounted to a tower in said inner row has said conr>- 
plementaiy surfiaces thereof configured for engaging 
and holding a plate which is cylindiically arcuate 
about a vertical axis. 

it may also be arranged that the pairs of said 
frame means which are mounted between the towers 
in one of said outer rows and the towers in said inner 
row, and the pairs of said frame means which are 
mounted between the towers in the other of said outer 
rows and the towers in said inner row ail have the 
complementary surfiaces thereof oriented to hold res- 
pective curved plates so that the curvatures thereof 
are all convex In the same direction. 

In a preferred fonn said means for welding verti- 
cal T-jointe comprises, for each T-joint, a verticaBy 
travelling electroslag welder, and two cooling shoes, 
one mounted at each of two respective comers of 
adjoining ones of said inner row towers. 

In accordance with another main aspect there 
may be provided apparatus for assembling a bul- 
khead with a plurality of longitudinal subassemblies 
for a module for a parallel midbody for a double hull 
vessel to provide said module, comprising: an under- 
water grid of upright pilings providing a submerged 
support surface means; a variable buoyancy barge 
overlying said submerged support surface and being 
adjusteble between a floating mode in which said 
barge is floating above said submerged support sur- 
face and therefore Is susceptible to being roteted 
about a vertical axis, and a sink mode, in which saM 
barge is fimily grounded on said submerged support 
surfiace; means for supporting a horizontelly extend- 
ing bulkhead on said barge; means for providing a 
succession of longitodinal subassemblies for a mod- 
ule fora parallel midbodyfora doubl hull vessel later- 
ally adjacent but spaced from said submerged 
support surfoce; a derrick juxteposed with b th said 
subassembly providing means and said subm rged 
support surfoce, saM d rrick being of sufficient 
capacity to lift said subassemblies singly from said 



subassembly providing means and set each in place 
on said barge perimetrlcally f said bulkhead, 
whereby said barge may be floated and roteted be- 
tween uses of the denrick to place said subassemblies 

5 successively thereon, and may be disposed in said 
sunk mode while each subassembly is loaded there- 
onto by said derrick, and whereby said subas- 
semblies may be welded to one another and to said 
bidkhead whQe disposed on sakJ barge. 

10 It may be arranged that said submerged support 
surfoce is tocated near but spaced from a module join- 
ing fodlity arranged for supporting a growing mklbody 
of said modules serially connected in a horizontally 
extending series as modules are successively joined 

16 to said growing mklbody; a body of water communi- 
cating said submerged support surfoce with said mod- 
ute joining facOHy, whereby upon oompletfon of 
assembly of a module on said barge, said barge, with 
such module thereon, may be floated away firom said 

20 submerged support surfoce and sunk leaving such 
nuxlule floating whereby such module is transfoired 
from a vertical orientatton to a horizontal orientetk>n 
by selectively flooding such module with salt water 
utilizing apparatos of and such module in ite horizon- 

25 tal orientetfon floated to juxteposiflon with said mod- 
ule joining facility. 

Conveniently said module joining focility includes 
a horizontally etongated submerged support structure 
Intersected by a pontoon caisson which is constructed 

30 and annanged to expose for welding together an end 
of said transfoired module and an end of saki growir^ 
midbody. 

In accordance with yet another main aspect of the 
inventfon there may be provided a vessel hull con- 

35 struction ntethod, comprising: (a) a providing a first 
set of cylindrically curved rectengular steel plates 
serially arranged edge-to-edge, all convex in one 
direction with all axes of curvature vertically oriented; 
(b) provkling a second set of cylindrically cun^ed rec- 

40 tangular steel plates serially an-anged edge-to-edge, 
all convex in said one direction with all axes of curva- 
ture vertically oriented; (c) providing a forther set of 
vertically ananged rectangular steel plates each hav- 
ing one longitudinal edge disposed adjacent edges of 

45 two adjoining one of said steel plates in said first set 
and an opposite longitudinal edge disposed adjacent 
edges of two adjoining ones of said steel plates in said 
second set to provide respective T-joint sites; while 
holding each said plate by engagement with both 

so opposite faces thereof for mainteining a desired 
shape and positbn for each said plate, welding a res- 
p ctiveT-jointateachsaidT-jpintsite;and(d)releas- 
ing said plates from being held, and thereby obteining 
a double-walled hull subassembly. The method may 

55 forther comprise: (e) repeating steps (a) - (d) a 
plurality of times to provide a plurality of like subas- 
semblies; (f) arranging said pluralify of saki subas- 
8 mblies in a series around a bulkhead; and (g) 
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welding corresponding edges of corresponding plates 
on adjoining ones of said subassemblies to on 
another and welding said subassemblies to said bul- 
khead to thereby provkl a double-hull module having 
afloorportion andtwolaterallyoppositeside portions, s 

Preferably steps (f) and (g) are conducted while 
said steel plates, and therefore said module, remain 
vertically oriented. 

Also preferably steps (a) - (e) are conducted in a 
land-based ftchjre, and steps (f) and (g) are conduo- io 
ted on t>oard a variable buoyancy barge, which the aid 
of a floating derrick which successively lifts individual 
ones of said subassemblies from said fixture and later 
places them on said barge in said series around said 
bulkhead; and wherein said barge Is sunk onto a fixed 
support each time a subassembly is to be placed the- 
reon, and between at least sometimes that two suk>- 
assemblles are successively placed thereon, said 
barge is increased in buoyancy so as to float above 
saki fixed support and is floatingly shified in order to 
bring a site where a next subassembly will be placed, 
into more convenient disposition relative to said land- 
based fbctura 

It is further preferred that said welding of said T- 
jolnts is accomplished by electroslag welding, with 
cooling being provided along both faces of each plate 
In saki second set as the respective T-joint is being 
welded. Preferably sakI welding of said T^olnts is 
accomplished by electrogas welding, with cooling 
being provided along both ^ces of each plate in said 
second set as the respective T-joint is being welded. 
Also preferably in step (c), all of said T-joints are sim- 
ultaneousiy welded at all of said T-joInt sites. 

It is also preferred that said holding of step (c) and 
said releasing of step (d) are respectively accom- 
plished tyy setting and releasing hydraulically oper- 
ated horizontally acting jacks nrKMjnted to respective 
towers. 

Preferably the method further comprises: (h) 
repeating steps (a) - (g) a plurality of times to thereby 
provide a succession of like modules: (0 tilting-over 
each nuKlule to a horizontal dispositton, bottom down- 
wards; and (j) serially welding said modules together 
end-to-end, thereby providing a double-hulled vessel 
parallel midbody having two opposite ends. Also pref- 
erably the (k) welding a vessel hull bow section to one 
end of said midbody and a vessel hull stem sectk>n to 
the opposite end of said midbody, thereby providing 
a double-hulled vessel. 

Preferably steps (a) • (e) are conducted in a land- 
based fbcture, and steps (Q and (g) are conducted on 
board a variable buoyan(^ barge, with the akl of a 
floating derrick which successively lifts indh^dual 
ones of s^'d subassemblies from said fixture and 
places th monsaidbarg in said s ries around said 
bulkhead: wherein said barge is sunk onto afixed sup- 
port each tim a subassembly is to be placed thereon, 
and between at least sometimes that two subas- 



semblies are successively placed thereon* said barg 
is increased in bu yancy so as t fi at above said 
fixed support and is floatingly shifted in rder to bring 
a site where a n xt subass mbly will be placed, into 
mm convenient dispositton relative to sakJ land-ba- 
sed fixture; and step (i), conducted successh^ely for 
each module, comprising sinking sakl barge differen- 
tially flooding the floating module so as to partially b'lt 
the nrndule; temporarily fitting the nnodule with further 
walls to penmit the module to float in a horizontal posi- 
tion; using a derrick to encourage and restrain tilting 
of the part^lly tilted module until the nfK>dule is hori- 
zontal and floating. 

Preferably tiie method further comprises: provkl- 
ing a submerged support on which said suocesston of 
modules can be subject to step (j); and, belween 
steps (i) and 0) floating each tilted-over nrKKiule into 
place over said submerged support and sinking it onto 
said submerged support 

Further preferably tiie method comprises: provid- 
ing a pontoon-type caisson which intersects saki sub- 
merged support at an intermediate location along saki 
8ut>merged support, conducting step (j) In sakl cais- 
son for providing each module-to-module Joint, and 
between providing each two successive module-to- 
module joints shifting tiie resultingiy growing midbody 
along said submerged support so as to dispose a res- 
pective end of the growing mklbody within saM cais- 
son. 

The present invention provides, at least in prefier- 
red fonms, a simplified double-bottomed vessel hull 
structore preferably using sllghtiy curved inner and 
outer hull plating, in combination with widely spaced 
girders. The plate curvature substantially reduces the 
need to locally reinforce the hull plating against buck- 
ling. In many instences, transverse reinforcing struc- 
tore, except for bulkheads, can be omitted from the 
mkJbody. 

Yet furtiier preferred and optional features and 
combinations of features will now be described. It is 
particulariy to be appreciated that tiie following state- 
mente relate only to prefen-ed or optional or exem- 
plaiy featores and do not set out essential features of 
the invention. 

A ducted keel, which is preferably provided, pref- 
erably contains all fore and aft ballast piping. Cargo 
piping preferably Is run ttirough tiie transverse bul- 
kheads above the inner bottom. Ventilation of tiie dou- 
ble-hull compartments can be provided by porteble 
mechanical blowers mounted above deck, onto verti- 
cal standpipes which connect into tiie ballast tank 
transverse piping. 

Th preferred absence of transvers structore 
xcept for the bulkheads liminatesamaj rcausefor 
inner hull Allure in the event of tenker grounding. 
(Transverse structore, if provided, b ing transverse to 
thedirectionof travel is subject t d fleeting aft at th 
base during grounding, t nding to tear the inner hull 
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to which it is attached.) 

The double hull constructi n provided in accord- 
ance with the pref rred embodiment can be realised 
with less welding and burning in later production 
stages. This permits fully enclosed and automated 
shot blasting and painting of much of the surfece dur- 
ing early stages of production. As a result of painting 
being performed under more closely controlled 
environmental conditions, the initial coating has a 
longer life and release of abrasive blasting dust and 
paint solvents to the atmosphere can be significantly 
reduced. 

The principles of the present invention may be 
used to provide a double-hull vessel which utilizes an 
amount of steel that is comparable to that needed for 
construction of a conventional single-hull segregated 
ballast tanker of the same size, whereas double-hull 
tankers of conventional constmction require 5 to 15 
percent more steel. 

The principles of the invention may be used for 
converting existing single hull tankers by midbody 
replacement with double-hulj mldbodies produced In 
accordance with the present invention, and reuse of 
the pre-existing bow and stem sections, thus recov- 
ering useful life from existing structures which ntight 
otherwise need to be scrapped. 

As presently contemplated, the principles of the 
invention can be used to provide a hull for a vessel as 
large as a 300,000 DWT tanker. The vessel preferably 
includes a double hidl not only on the bottom, but also 
on the sides. Inner hull spacing firom the outer hull at 
the skies and bottom may be as much as 7 feet, 3 
inches Q.e,, slightly greater tfian 2 meters). Trans- 
verse bulkheads are prodded every 40-60 feet, e.g., 
48 feet along the length of the midbody. Longitudinal 
girders are spaced 8 feet apart. 

When designing a double-hull vessel having a 
preferred standard interbottom spacing of, e.g., about 
2 meters, and 8-foot girder spacing, using the prin- 
ciples of the present inventton, the capacify ma^ be 
readily customized from 80,000 to nearly 300,000 
DWT by adjusting for differences in vessel beam and 
depth, through a combination of adding or deleting 8- 
foot wide modules, varying the size of keel and main 
deck centeriine structure and deck edge box girders 
(all of which may be of conventional constmction). 
Other design modules can be used with greater or les- 
ser dimensions of inner bottom spacing, girder spac- 
ing and transverse bulkhead spacing lo 
accommodate designs for vessel shies fircHin the smal- 
lest to the largest double hull tankers or barges. 

Inth prefen-ed construes n,th interhull spacing 
Is made no more than about 2 meters in order to limit 
the loss of buoyancy should the outer hull be 
punctured. Furth r,th longitudinal gird ratthetopof 
th bilge preferably is made tight, thereby creating 
separate sid and bottom ballasttanks. This preferred 
structure will permit rapid evacuations of a flooded 



interbottom using compress d air, so as to create a 
buoyancy-providing air bubble betwe n the hulls 
above the damaged outer hull plating. 

In a ship which utilizes curved hull plating, tiie 

5 construction mettiod of the present invention elimi- 
nates all transverse structure in the midbody (except 
fbr transverse bulkheads), by utilizing a bilge radius 
which is similar to ttie radius of air^ature of the curved 
hull plating. A novel stmcture of underdeck longltudf- 

10 nal girders also Is preferably provided. 

Recurvaturs of curved plates fomrieriy thought to 
be needed or desirable according to the aforemen- 
tioned U.S. patent of Tomay is avoided, witii resulting 
savings, by instead aligning and welding longitudinal 

IS girders into longitudinal weld seems of curved inner 
and outer hull plating at T-joints. 

The double hull thus has steel plate as its primary 
stmctural members, witii the need for longitudinal T- 
bars, I-beams and similar slructural shapes being 

20 avoided. 

The invention (rovides a novel method for con- 
structing the double-hulled midbody of a cargo tanker 
by fabricating module subassemblies vertically in a 
fixture, assembling ttie subassemblies into a module 

25 vertically, launching each module vertically then right- 
ing each module and joining each successively to the 
growing structure, with conventional bow and stem 
sections being join^ to the opposite ends of the mid- 
body. Each module preferably is approximately 50 

so feettall as fabricated, and therefore about50 feetlong 
when righted. 

Each module may incorporate six simflar, if not 
identical, module subassenrtblies, ttiereby penmitting 
a high degree of standardization of steel parts in the 

35 cargo tank sections of double hull tankers. 

(The tenn "tanker" is used generically herein, 
witiiout regard to whetiier tiie vessel will cany liquid, 
gaseous and/or particulate soiki material or any com- 
bination thereof.) 

40 The vessel hull and constmction method of the 
present invention uses less steel than is con- 
ventionally used for producing a double-hulled tanker 
of the same DWT capacity, requires less labor hours 
per ton of steel fabricated into hull, can use a higher 

45 percentage of automatic welding, including vertical 
electroslag and/or electrogas welding (with resulting 
higher quality and lowercost), reduces the needforhi- 
gher-cost steel shapes such as I-beams and T-bars, 
substantially reduces the absolute number of pieces 

50 of steel which must be handled and assembled 
(thereby significantiy reducing cost and time), 
reduces total welding necessary, facilitates and 
reduces the cost of blasting and painting (and abate- 
ment of environmental bnpact of tiiese processes), 

59 and pemrtits improv ment in the quality of finished 
painting for tiie vessel hull. 

In a tanker which has hull plating that is curved, 
hydrostaticforces and liquid casfio or ballast pressure 
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cause a deflection perpendicular to th curved plate 
which, in turn, causes lateral deflection at the edges 
of the plate. Th lateral fbrces created in this manner 
are offsetting at the edges of two adjacent plates 
which are in the same lateral plane, but at the lower s 
comers (bilges) where the additive lateral deflections 
are maximum, either the longitudinal bilge structure 
would need to be massh^e In order to transmit the 
resulting lateral fbrces to the transverse bulkheads, or 
Intermediate transverse stnicture between bulkheads 10 
would t>e needed, according to conventional design. 

A novel aspect of the present lnventk>n Is that by 
utilizing a bilge radius for both Inner and outer hull 
which is approximately the sante as the radius of cur- 
vature of the other plating, the lateral forces caused is 
by the additive lateral defiecttons can be transferred 
to the transverse bulkheads through reasonable- 
thickness bDge plating only. 

The elimination of all transverse reinforcement of 
inner and outer hud except for bulkheads is possible 20 
for the entire length of the hull which is buit parallel 
(the so-called -parallel midbody"), which comprises 
about 75 percent of the length of the cargo tank sec- 
tion of a typical tanker. Toward the bow and stem of 
the vessel where the hull shape curves inward, the 25 
bUge radius necessarily has to be made larger in order 
to maintain fairness of hull lines. This particular area 
needs to have either intemtediate transverse struc- 
ture or massive bilge structure If the curved hull plat- 
ing is retained. (One alternative is to convert existing 30 
tankers by replacing only the parallel mkibody portion 
and retaining the shaped ends made up of conven- 
tional flat hull plating and transverse sfrucbire. 

The principles of the invention will be further dis- 
cussed with reference to the drawings wherein prefer- 3S 
red embodiments are shown. The specifics Qlustrated 
in the drawings are intended to exemplify, ratherthan 
limit, aspects of the invention as defined in the daims. 
Figure Ms a schematic top-plan view of a produc- 
tion line for prefabricated panels for double-hull 40 
module longitudinal subassemblies; 
Figure 2 is a pictorial view of aflame planer ofthe 
production line shown In Figure 1 : 
Rguie 3 is a pictorial view of a flame bender ofthe 
production line shown in Figure 1; 4S 
Figure 4 is a pictorial view of a robotic installation 
and tack welding station for providing longitudinal 
panels with ktok plate stiffeners on the production 
line sho'ivn in Figure 1; 

Figure 6 is a pictorial view of a station for coating SO 

the tops and bottoms of panels with paint on the 

production line shown in Figure 1; 

Rgure 6 is a pictorial view of a barge loaded with 

one module's complement of longitudinal panels 

as produced on th productfon line shovm in Fig- 55 

ure 1, ready for movement to a subassembly 
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bly area; 

F'^ure 8 is a pictorial view of a longitudinal sut>- 
assembly fixture at the longitudinal subassembly 
area shown in Figure 7; 

Figure 9 is a top-plan view ofthe longitudinal sub- 
assembly fixture; 

F^ure 10 is a larger scale fragmentary top-plan 
view of the longitudinal subassembly fixture; 
Figure 1 1 is a pictorial view showing workers ins- 
talling a panel in the fixture of Figures 8-10; 
Figure 1 2 is a fragmentairy pictorial view of the top 
of the longitudinal subassembly fixture showing 
bar supports on rollers at the tops of individual 
outside towers thereof; 

Figure 13 is a pictorial view similar to Rgure 12 
showing the hanging basket-type staging device 
used at each T-joint intersection of longitudinal 
panels for cleaning and welding of the Joints; 
F'^ure 14 is a pictorial view showing the 
apparatus of Figure 13 being used to create a 
welded T-joint at the intersection of two hull plates 
and a longitudinal stiffener plate; 
Figure 15 is a pictorial view showing the longitu- 
dinal subassembly fixture after welding of the 
panels into a hull midbody module has been com- 
pleted and the hydraulic jacks have been 
released, allowing a floating denrick to remove the 
module to a touch-up, blast and final paint room 
ofthe subassembly area shown in Rgure 7; 
Figure 1 6 is a pictorial view of a module assembly 
pontoon fixture with a bulkhead subassembly 
already positioned thereon, and indivklual fiilly 
painted hull midbody modules being placed the- 
reon by a floating derrick; 
Figure 17 is another pictorial view of the 
apparatus shown in Figure 16, from a different 
perspective, after another hull module has been 
put in place on the bulkhead assembly on the 
module assembly pontoon fixture; 
Figures 18A-18E are a series of five slde-ele- 
vational ^/iews, partly In section, of erection (tilting 
over from a vertical orientation to a horizontal 
orientation of a hull midbody module, which is 
then floated tov/ards a module joining facility for 
joining to previously positioned structure); 
Figure 19 is a side-elevation view ofthe module 
erectton pontoon and supporting grid with sepa- 
rate view of sinking the module erection pontoon 
to float the module; 

Figure 20 is a pictorial view of the module joining 
facility, at a later stage than depicted In Figures 
18 and 19. and with the water omitted so as to 
sh wthe supporting structure and module-joining 
p ntoon caisson; 

Rgur 21 is a transverse-sectional view of the 
modul joining facility; 

Figure 22 is a side- levational view ofthe module 
joining facility; 
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Figure 23 is a transverse sectional view of the 
modui joining facility at th location of the mod- 
ule joining pontoon caisson. 
Figure 24 is a transverse cross-sectional view of 
a double-huiled vessel, through the midbody 
thereof, constructed in accordance with prin- 
ciples of the present Invention, a bulkhead being 
illustrated in the left half of the view; 
Rgure 25 Is an enlarged scale fragmentary trans- 
verse cross-sectional view thereof showing the 
region where two longitudinal hull subassemblies 
join a duct keel; 

Figure 26 is an enlarged scale fragmentary trans- 
verse cross-sectional view of the vessel hull of 
Figure 24, showing the region where two longitu- 
dinal hull subassemblies join one another at the 
bottom-to-stde transition; and 
Figure 27 is an enlarged scale fragmentaiy trans- 
verse cross-sectional view of the vessel hull of 
Figure 24, showing the region where a longitudi- 
nal hull subassembly joins the underside of the 
outer margin of the deck structure (whic^ may be 
conventional, as may be the bow and stem sec- 
tions of the vessel). 

Production of the double-hulled vessel midbody 
for a vessel hull of the present invention preferably 
begirts on the production line that is schematicaDy 
depicted at 10 in Rgure 1. 

Raw steel plate, most of it 0.5 to 1.0 inch thick and 
approximately d feet wide and 48 feet long Is procured 
from a steel mill, received by barge 12 and stored flat 
as raw material 14. As processing begins, steel plates 
are individually transfemed from the barge 12 onto a 
roller conveyor 16 using an electromagnet-type 
grasping device-equipped crane (not shown). At the 
opposite end of the conveyor 16, the steel plates are 
trensfenred to a trolley car 20 which takes them to a 
steel shot abrash/e cabinet 22 where mill scale is con- 
ventionally removed from the plate. A further trolley 
car 24 transfers the descaled plates to one of three 
fabricating lines 26, 28, 30. 

The line 26 processes about 45 percent of the 
incoming tonnage of plates 14 and produces curved 
longitudinal panels 32. 

Firet, plates 1 4 are cut to desired final dimensions 
using conventional flame pianere 34 (Figures 1 and 
2). 

Next, the trimmed plates are fonned into panels 
32 having the desired curvature using a conventional 
flame benders 36 (Figures 1 and 3). 

Acceptable curved panels 32 are transfen'ed to a 
painting station 38 (Figures 1 and 5) via conveyor 40 
and trolley car 42. 

Curved panels requiring further work are transfer- 
red to a repair station 44 by a trolley car 46 and, upon 
completi nofrepairs, transferred back int the normal 
curved panel production line and further processed as 
acceptable curved panels. 



The line 28 processes about 10 percent of the 
incoming tonnage of plates 14 and produces kick 
plate stiffeners 48 for the flat longitudinal panels 66. 
On the line 23, the plate is flame cut at 50 into 

5 Strips of desired width (e.g., approximately 6 inches in 
width), and then sheared at 52 to the desired length 
and 45-degree end configuration. The completed kick 
plate stiffeners 48 are conveyed at 54 to an inter- 
mediate station on the flat panel praductk>n line 30. 

10 On the line 30, plate 14 is cut at 56 to the desired 
final dimensions and configuration using an automatic 
burning machine (for cutting out lightening holes 58). 

. Kick plate stiffeners 48, including lightening hole 
reinforcements 60 are installed and tack welded 

15 robotically at 62 (Figures 1 and 4), then finish welded 
robotically at 64. 

Acceptable flat longitudlnaf panels 66, vi^th their 
kick plate stiffeners 48 and lightening hole reinforce- 
ments 60 welded In place are njn through a steel shot 

20 abrash^e cabinet 68 where welded areas are spot- 
blasted (Figure 5). 

Rat longitudinal panels requiring repair are shut- 
tled yia trolley car to a repair area 70, repaired, and 
shuttled back to the touch-up blast cabinet 68 and 

25 thereafter forwarded as acceptable flat longitudinal 
panels. 

At the painting station 38 (which may be one sta- 
tion serving both lines 26 and 30), the tops and bot- 
toms of the curved and flat panels 32, 66 are coated 

30 with a fffst primer coat of paint, with several inches 
along each edge left unpainted to facilitate future 
welding. (The specific coating applied at this stage 
depends on whether the surface in question, in use, 
will face caiigo, ballast, the external environment 

36 underwater or freeboard, or main deck service.) 

The painted curved and flat longitudinal panels 
are transferred to the pier 72 by means of a chain con- 
veyor 74 and k)aded aboand a barge 76 using a oane 
78 (Figure 6). Each barge 76 is provided with rack 

40 means 80 which pemiit one module's worth (with a 
few spares), of curved panels 32 and fiat panels 66 to 
be loaded aboard in vertical orientation. 

A barge 76, when My loaded with module panels 
32, 66, Is moved to the nnodule subassembly area 

4S (Figure 7) so as to be located alongside the primary 
longitudinal subassembly ftxture 82. At this she, the 
vertical longitudinal panels 32 and 66 are lifted from 
the barge 76 using a crane 84 and inserted vertically 
into respective slots 86 in the fudure 82. After all of tiie 

50 panels 32, 66 which are needed for constituting one 
longitudinal subassembly are located in the respec- 
tive slots 86, hydrauli jsicks 88 confiTonting each panel 
fix>m each side and havlnig respectiyefy shaped con- 
tact pads 90 ar energized for property c nforming 

65 and positioning each panel so that its edges 92 are 
juxtaposed with those of two other;; at a "T* (except 
atsut>assembly nds, where tuio panel edges meet at 
an "L"). 
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Jaddng elements of the individual interior towers 
94 and exterior tow rs 96 (Figures 7-12} of th longitu- 
dinal subassembly fixture may be renfK>ved for repair, 
routine maintenance and adjustm nt to dlff rent 
dimensions and configurations* as needed. s 

Each tower 94, 96 is somewhat taller than the dis- 
tance between buflcheads in the parallel midbody of 
the double-walled vessel hull that is to be built using 
the apparatus and process of the present invention 
(e.g., somewhat In excess of 50 feet tall). 10 

Each tower 94, 96 rr^y be constructed by driving 
into the ground four to six pilings (not shown) made of 
steel or reinforced ooncrste. Steel frames (Le., pads) 
90 are aligned and mounted to each tower at regular 
intervals (e.g., of 2-4 feet) along the height of each 15 
tower. 

The towers 94. 96 are of two different functional 
types. Exterior towers 96 are of a "C*-type; each is 
active In the +X or-X direction, depending on whether 
it confronts an interior tower 94 from one side or the 20 
other, interior towers 94 are of a B-type which is active 
In +X, -X. +Y and -Y directions. On the interior towers, 
the pads 90 fece In the +X. -X. +Y and -Y directions 
(except at the two ends of the fixture, where two B- 
^pe towers are externally provided, one active only in 2S 
the +Y direction and the other active only in the -Y 
direction). On interior towers 94 the Y-facIng steel 
frames 90 are mounted to the towers via horizontally 
extensible-retractile hydraulic rams 88. 

In use, when the fixture 82 is empty, all ranns 88 30 
for the steel frames of ail towere 94 and 96 are retrac- 
ted, allowing the various curved panels 32 and flat 
paneis 66 to be lowered Into place. As the rams 88 are 
then extended, the ctirved plates are jacked by steel 
frames on the exterior towers against the reacth^e 35 
steel frames jacked against the interior towers, and 
the flat plates are jacked by the steel frames on the 
interior towers against the reactive steel frames 
jacked against adjacent Interior towers. Water cooled 
welding backing shoes 90A capable of being retrao- 40 
ted and extended are installed at each comer of each 
interior tower 94. 

Bar supports 98 on rollers 100 are located at the 
top of the indfvkjual outside towers 96 of the longitu- 
dinal subassembly fixture 82 (Figure 12). The purpose 45 
of the bar supports 98 is to provide an adjustable sup- 
port location for a hanging basket-type staging device 
102 (Figure 14) at each T-joint intersection 104 of indi- 
vidual longitudinal panels. This hanging basket 
utilized for eiectrostag or electrogas welding equip- so 
ment 106 aad an operator, including equipment far 
cleaning steo! about to be welded (Figure 14). Weld- 
ing of all of the T-joiints of one longitudinal subass m- 
biy unit 1 08 is done simultaneously to avoid distort! n. 

Upon completion of welding, the hydrauli jacks 88 55 
are released, and th longitudinal subassembly unit 
108 is lifted from the longitudinal subassembly fixture 
82 (Figure 15) utilL-zing a floating derrick 1 10 of sufH- 



clent capacity (350 tons or greater) and moved to the 
longitudinal assembly touch-up, blast, and final paint 
room 112 (Figure 7). 

(The time required to process a single longitiKii- 
nal assembly through the longitudinal subassembly 
fbcture is 24 hours. This Includes 8 hours for lifting all 
individual longitudinal panels off the barge and setting 
them into final position. 8 houre for electroslag or elec- 
trogas welding of all T-jolnts and 8 hours for mainte- 
nance of the fixture, change-out of Indivkiual jacking 
elements (Figure 13), if required, and any other prep- 
aration of the fbcture to receive the longitudinal panels 
for the next longitudinal subassembly.) 

The longitudinal subassembly touch-up blast and 
final paint facSity 112 (Figure 7) is a buOding 
approximately 100 feet long, 20 feet wide and 60 fieet 
high. The roof 1 14 is removable in sections to permit 
longitudinal subassemblies 108 to be top-loaded into 
it The ftoor (not shown) of the room 112 is a grating 
under which recovery and recycling apparatus for 
abrasive material used for abrasive blasting is 
located. The floor Is reinforced as necessary to sup- 
port the weight of a longitudinal subassembly 108. A 
canvas cover is placed over the grating when abra- 
sive blasting is completed and painting commences. 

in the room 112, statioaiary or fixed elevator tow- 
ers (not shown) equipped with shot-blasting and 
spray-painting nozzles are located In posittons in the 
building which center them in individual longitudinal 
cells of the longitjdlnal subassembly. These 
elevators are used for automatic shot-blasting and 
painting of inside surfaces of the longitudinal subas- 
semblies. Further, elevators (not shown) are penma- 
nently located along the walls of the building to permit 
automatic shot blasting and painting of outside sur- 
faces of longitudinal subassemblies. Shot-blasting 
nozzles Inside and outnlde the cells are located only 
In way of welded T-joints. Paint spray nozzles inside 
and outside tiie cubicles provide full surface cover- 
age. Dust collection equipnu^int (not shown) is pro- 
vkied to remove dust caused by shot blasting. 
Heating, ventilation and dehumidificatSon equipment 
(not shown) is provided to control the environment 
and assure that release of solvents and dust to the 
atmosphere externally of the building 112 is within 
dean air standards. All electrical installations are exp- 
losion-proof. 

Reiterating in sequence the steps canied out in 
the room 112, the roof sections 114 are removed, a 
longitudinal subassembly 108 is lowered in a vertical 
position into the longih/dinal assembly touch-up, 
blast, and final p^mt facility usinq the 350-ton floating 
crane device 110. Shot blast and spray paint nozzles 
are adjusted as required for llie particular longitudinal 
subassembly. Roof sections 114 are put in place 
using a tow r crane 116. 

T-joint welded areas are s;'rot- blast{2d automati- 
cally, as th levator (.vurriags s with the blast nozzles 
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trav I the full height of the longitudinal subassembly. 

Grating cov rs ar installed on the floor in order 
to keep paint away firom abrasive r coveiy mechan- 
isms. Structure In way of future bulkhead welding and 
module joining welding is masked off. All surfaces are 
then painted with the appropriate paint systems, as 
the elevator carnages with the paint spray nozzles 
travel the full height of the longitudinal subassembly. 
Subsequent coats of paint are applied at appropriate 
intervals until final paint systems on all surfeces are 
complete. 

The roof 114 sections are removed by the tower 
crane 116, and the fully painted longitudinal subas- 
sembly 108 is lifted firom the longitudinal assembly 
shot-blast and paint facility 112 using the 350-ton 
floating denick 110 and placed in a respective posi- 
tion around a bulkhead subassembly 118, previously 
positioned on a module assembly pontoon fixture 120 
(Figures 16 and 17). 

The bulkhead assembly 118 intertor to the inner 
hull may be placed on the module assembly pontoon 
120 either by a floating derrick, or by rolling the 
finished bulkhead from its assembly position adjacent 
to the module assembly pontoon location. 

The module assembly pontoon 120 is approxim- 
ately 200 feet long, lOOfeetwkJeand lOfeetin depth. 
It is capable of changing its buoyancy by pumping 
water into, cr out of its tanks (riot shown). While bul- 
khead longitudinal subassemblies 108 are being set 
in place, it rests on an underwater pfle-supported grid 
122 (Figure 19) to provide stability. In order to permit 
access by the 350-ton floating den-Ick 110 to ail lon- 
gitudinal subassembly module assembly locations on 
the pontoon 120, the module assembly pontoon 120 
may be rotated after pumping vmter out of its tanks 
and increasing its buoyancy adequate to lift ft off the 
grid 122, and then pumping water back into its tanks 
after rotation to the desired position so that it again 
rests on flie grid as the next subassembly 108 is 
emplaced. 

The purpose of having a piling supported grid 
under the pontoon is to enable the pontoon to have 
more time to respond to sudden load changes, I.e., 
the setting of a 300-ton longitudinal subassembly 
near the edge of the pontoon. However, the grid need 
not be des^igned to take the full weight of the pontoon 
and its contentr>. since the pontoon is own buoyancy 
can support most of the weight The grid need on^ 
support that load weight which the pontoon cannot 
quickly respf^nd to and, for convenience, the 
buoyancy lost by the pontoon when sitting on the grid 
at nomial high high tide as th tide goes to 1 w low. 
Th re is usually si?fjici nt warning time to ballast 
down the pontoon so it does not float oiT on extraordi- 
nary high tides. 

The piling under n pontoon grid, therefore, only 
has to support a portion of the load, invariably less 
than half. (In fact, floating ponto n dry docks d not 



use grids at all, relying totally on buoyancy. Graving 
dockfloorsand piling, which must support the full load 
are, therefore, much moire expensive to construct 
than grids.) 

5 The deck of the module assembly pontoon fixture 
has precisely located guides welded to it. As each 
subassembly is lowered In place, the bottom of the flat 
and curved panels of the subassembly are forced Into 
the precise positton dictated by the guides. 

10 The top end of the subassembly is adjusted until 
optical alignment determines it is perfectly vertical. 
This adjustment is accomplished by existing techni- 
ques of using turn buckles and "come alongs" 
attached to the subassembly at one end and the bul- 

15 khead, pontoon or adjacent subassembly at the other 
end. When aB subassemblies ere set in this manner, 
all vertical joints are ready for welding. 

After all the longTludlnal subar>semblies 108 for 
one module are in place around the bulkhead sut>as- 

20 sembly 1 1 8 on the module assembly pontoon 120, fin- 
ally flt In place and temporarily secured, downhand 
welding of the longlti!dinat sa/bassemblles to the 
perimeter of the txjlkhead subassembly is carded out 
Vertical elevator ar»semb!ies (not shown, but siml- 

25 lar to the one shown in Figure 14) containing electros- 
lag/electrogas welding rnachine<> (and, optk)nally, 
blasting and painting epparatiss) are put in place at all 
external and car^o tank interior locations where there 
are vertical mcndule assembly joints^ to weld. All verti- 

30 cal module assembly joints are welded concuriBntly 
to minimize distortion using the electroslag/elec- 
trogas process. 

Bulkhead structure within Ih?. ballast 108, 118 
tank area of the modtiie 124 under constmction is 

9S Installed, fit and w^ded as tha- subassemblies are 
being put in place and welded., Piping assemblies (not 
shown) are also installed during this time. (Some flnal 
Installation and pipe hanger weeding may be done on 
piping located on the Umk top or in ballast tanks after 

40 erectton of the module and orientation into its final 
position.) 

Areas disturbed by welding done during the mod- 
ule assembly stage are preferably blasted by the least 
disruptive, most efilclentj and environmentally 

4S acceptable approach. This c^n be i)y Vacublast blast- 
ing or dry ice blasting. The^se blar^led areas are then 
final painted either by spray gun, brush or roller 
depending upon impact on other ongoing work and 
impact on air qualify. 

so A temporary bulkhead with a gasket (not shown) 
is installed across the inner bottom tanks (cells) at the 
top of the module 124 In \^ vertical, module assembly 
positton. Temporary bulkheads (not shown) are also 
installed in each side tm^i culiide (c(!^l) attached to a 

55 kk:k bracket (plate) at least 2. 5 f ael: from the top. 

After completion of the above and any other work 
most efficiently performed in the v rticai, module 
assembly posit'on, the modufe assembly pontoon is 
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floated off Its supporting grid and sunk leaving the 
module afloat n its buikh ad, as indicated in Rgure 
ISA and the left Sid of Figure 19. 

The module 124 floating on its bulkhead is nrwved 
by tug tc a location convenient to the module joining 
^cility 126 (Figure 20). The 350-ton floating denick 
1 10 is attached to lifting pads 1 28 on the deck struc- 
ture (Figure 18A) located to provide a honzontal keel 
for the module 124 after erection (i.e., after tilting over 
to a horizontal orientation}* considering weight and 
buoyancy dtetribution (Figure 18E). The denrick 1 10 is 
used to keep a lifting strain on the irtodule throughout 
erection. 

For erecting the module 124 that is floating on its 
bulkhead, its inner bottom is flooded with salt water. 
This heels the module approximately 16 degrees in 
the direction of the inner bottom (Figure 18B). Water 
is then progressively pumped into the crotch of the 
triangle bounded by the bulkhead and the innertKJttom 
tank top (Figures 18C and 18D), This water and Its 
free surfoce causes the module to increasingly heel In 
the same direction until the water reaches the limit of 
the tank top at the module's open end (Figure 18D). 
From this point on, the lifting capacity of the demck 
1 10 permits it to complete the erection of the module 
to a horizorktal keel orientatton as water Is pumped out 
of ti^e inner bottom to pemiit the module to be 
buoyant, once erect. (Figure 18E). 

As nrK)duIes are sequentially assembled and 
erected afloat, they are moved to the module joining 
fecility 126 (Figures 20, 21, 22 and 23)foriolning. The 
modt j!e joining facility comprises a module joining grid 
1 30 upoTi which the entire midbt^dy 1 32 (at its various 
stages of completion) Is set, with the exception of 
approximately 20 feel in way of the underwater inter- 
module Joint 13:3 in the. process of being made-up. 
This latter region i"ests In a module joining pontoon 
caisson 134^. 

The module 124 to growing midbody 132 joining 
process starts as soon as the first two modules are 
afloat and eni'Ct. They are each towed to tfie module 
joining faciHly and positioned in ir, with the butt to be 
joined beW/een them floating over the module joining 
pontoon caieson 1 34, and their other ends on the grid 
130 adjoining the r>ontoon caisson 134. The pontoon 
caission has removable chambers (Figure 23) to per- 
mit its width to be varied for different sized ships. 

These first two nwdules are centered over the 
central orid with the ends between tiiem butting atthe 
longitudinal center of the caisson 130. Water is pum- 
ped into tiie sid^? ballast tanks of both modules 124, 
which forces submergence of the modules so t>oth are 
hard agimind at high tide on the grid 130. the caisson 
bl cks 136 and the sill gaskets 138. The joint betwe n 
the caisson sill and the ship's hull is sealed, and the 
caisson is pt.'miped dry. 

Tank tops, bottom shell deck and under deck 
structural areas oi the butt are prepared for welding 



and weld d. Ext rior and Interior areas in way of the 
butt wh re paint is damaged by welding are blasted 
by th least disruptive and most elricient process (for 
example Vacublast blasting or dry ice blasting) and 

5 painted by the least disnjptr^/e process (spray, brush 
or roller) as welding proceeds. Verfical buttwelds join- 
ing wing ballast tanks are prepared for welding, wel- 
ded to tiie maximum extent using 
electroslag/electrogas welding procedures, blasted 

10 and painted as above. Bufjis between interior flat 
panel longitudinals are welded and painted as conve- 
nient 

The joined modules are relocated furtiier along 
the module joining facility 126 as soon as underwater 

IS welding and painting is complete (approximately 7 
days) by pumping out wing tank ballast, moving the 
growing midbody 48 feet inboard, reballasting the 
wing tanks and centering the growing midbody hard 
aground on the grid 130. Then, tt^e next module 124 

20 Is erected In the caisson and tii^j above process is 
repeated, in tills manner, ail modules 124 comprising 
the cargo tanks for a single ship are joined into a 
single midbody section 132 to be conventionally 
joined to existing or new bows and stems In a ship- 

25 yard graving dock. 

In its currentiy most pref errstf; fonn, a tanker mid- 
body produced in accordance with the principies of 
the invention preferably has the shapes and features 
depicted in Figures 24-27. 

30 It should now be apparent ti^at tiie vessel hull and 
construction method as described hereinabove, pos- 
sesses each of the attribul&si set fori:h in the speci- 
flcatfon under the heading "SumTnao' of the Invention" 
hereinbefore. Because It c^an be modified to sonw 

35 extent without departing iTom Ihe principles thereof as 
they have been outiined and ertplained in tills speci- 
fication, the present invention should be understood 
as encompassing all such modifies tions as are within 
tiie spirit and scope of the following daims. 

40 

Claims 

1. A vessel hull structure comprising: 
46 a first plur^-ility^ of pla tes (32) welded to one 

another In series at joints (104) along respective 
adjoining longitudinti! edtiei: o/the pfates to pro- 
vide an outer hull staicture having a bottom and 
two laterally opposite sides; 
so a second plurality of pl ates (32) welded to 

one anotiier in series at joints (104) along respec- 
tive adjoining longitudinal eciges of the plates to 
provide an inner hull stnicrture having a bottom 
and two laterally oppoisite Jss. said inner hull 
ss b ing arranged within sf iid outer hull wittith res- 
pective bottoms and sides cf the hulls spaced 
apart; 

a plurality of longitudinal rib plates (66) 
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arranged between said inner and outer hulls; and 
a transverse bulk head (118) located 
within said inner hull; 

chanacterised in that each plate (32) of the 
said first and second pluralities of plates is an out- 
wardly convex, cynndrically arcuate plate (32), 
and in that each longitudinal rib plate (66) has an 
outer longitudinal edge welded to the outer hull 
along a joint (104) between adjacent plates (32) 
of the outer hull, and an inner longitudinal edge 
welded to the inner hull along a joint (104) be- 
tween adjacent plates (32) of the inner hull. 

2. A vessel hull structure according to claim 1 in 
which the outer hull has an interruptlonp located 
medially of said bottom of said outer hull; and the 
inner hull has an interruption, located medially of 
said bottom of said inner hull; and there is pro- 
vided a medially arranged, longitudinally extend- 
ing duct keel disposed in both said interruptions 
and weldedly joined to longitudinal edges of res* 
pective adjoining plates of said first and second 
plurality of plates; (32). 

3. A xessal hull stnjcture according to claim 1 or 2 
in which, the said inner hull and outer hull have 
two longitudinally opposite ends and said bul- 
khead is provided atone of said ends of said inner 
hull. 

4. A poraSiel midboiiy for a vessel hull comprising a 
plurality of like modules (124) serially weldedly 
connected end-to-end to provide a parallel mid- 
body (132) each said module comprising a hull 
structure as set out in daim 1 . 2 or 3. 

5. A vessel hull comprises a midbody (132) as set 
out In clafm 4, ax^essel hull bow section weldedly 
corjnected to one end of said mrdbody (1 32), and 
a vessel huH stern section weldedly connected to 
the opposite end of saki midbody (132). 

6. A vessel hull structure according to, or v/hen pro- 
vided in the struture of, any preceding daim in 
which each rib plate (66) Is provided on one face 
thereof with a plurality of lates^lly projecting kick 
plate stiffeners (48) spaced fi'om one anottier lon- 
gitudinally of said inner and outer hulls and each 
extending adjacent said inner hull to adja- 
cent said outer hull. 



8. A vessel hull structure according to daim 2 in 
which said inner and outer hulls and rib plates ate 
constituted of four substantially identical subas> 
semblies, comprising: starboard and port bottom 

5 subassemblies which are rnirror images of one 
another, respecth/ely joined edgewise with saki 
duct keel and with starboard and port sidewali 
subassemblies which are mirror Images of one 
another. 

10 

9. A vessel hull structure according to claim 8 in 
which said sides of said inner end outer hulls have 
upper edges and a deck sinicture bridging t)e- 
tween and connecting said stari^oard and port 

15 sidewali assemblies at said upper edges of saki 
inner and outer hulls. 

10. A vessel hull stmcture according to claim 8 or 9, 
in which at respective tfcinsitions bct^veen the 

20 bottom and sides of each of ^aui Inner and outer 
hulls and said inner and ouYj&r hulls have bOge 
radfi which approximate in sIzb of the radii of cur- 
vature of others of said cyllndrically arcuate steel 
plates in respective of said hulSs, induding ones 
25 both adjacent to and remote from said t ansitions. 

11. A parallel midbody according to daim 4 for a dou- 
ble-hulled vessel, in v/hich each first plate (32) is 
substantially rectancjular in plan so as to have two 

SO long edges and two short edges, and is curved by 
being arcuate ab^sut an ^xh that is substantial^ 
parallel to said long ca dges, each second plate 
(32) is substantialhf r^^ctarjgulai' in plan so as to 
have two long edgss and Hwo .short edges, and 

35 curved by being arcuate siboutan axis th^ Is sub- 
stantially parallel to said long eriges, and <iach rib 
plate (66) is arranged briitmen said Inner and 
outer hulls witht one \cni} eidge Oiereof juxtaposed 
with a plate-to-plaie jainl sm o^' said outer hull, 

40 and the oth^ long edge tirdereof juxtaposed with 
a conresponding plate-tor^piate joint site of said 
Inner hull, so that three loriir? odjier, of three diffe- 
rent ones of said plates mo juxtaposed at each 
platei-to-plate joint site; atiiiachsaid plate-to-plate 

45 joint site, the respective snid ihr&i^ long edges 
being welded toge^^ther to provide a respective 
welded T-joint (1CM). 

12. A parallel midbody acconling to claim 4, charao- 
50 terised by the subf^tantial absence of transverse 

reinforcement betv/eert sa5d (r>ner and outer hulls 
but for said bulkhead!^?, 



7. A vessel hull structure according to claim 6, in 
which each rib plate is provkled with at least one 
lightening hoi penlng therethrough laterally of 
said inner and outer hulls longitudinally between 55 
a respective adjacent two of said kick plate stif- 
feners. 
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13. A longitudinal subassembly fcvtirnd forfabricating 
subassemblies forrnodule^i tor a parallel midbody 
for a double hull vessel, said Uxluro (82) compris- 
ing: 

three rows of vertical t*y*vers having fix d 
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baseSt including one inner row (94), and two outer 
rows (96) located on opposite sides of said inner 
row; 

each tower in said inner row having four 
worfcing faces, including two feeing respective 5 
ones of said outer rows, and two facing in oppo- 
site diiBCtions along said inner row; each tower in 
said outer rows having one working face ^ing 
towards said inner row; 

esch working face having mounted thereto 10 
a nespective frame means (90) anranged in pairs; 
each fiiame means in each pair being mounted to 
the respective tower by jade means (88) for move- 
ment towards and away from the respectwe 
tower, and within each pair of frame means, the is 
two respective firame means being provided with 
complementary/ surfaces for engaging and hold- 
ing between them a respective plate; and 

means (102, 106) mounted to said towers 
for welding vertical T-joints between respective 20 
abutting edges of respective groups of three 
plates while two of such plates are engaged and 
held between adjoining pairs of frame means. 

14b Apparsiius for assembling a bulkhead wiith a 25 
plunalily of longitudinal subassemblies for a mod- 
ule for a parallel rnldbody for a double hull vessel 
to provide said module, comprising: 

an undenrvater grid (122) of upright pilings 
providing a submerged supi)ort surfar^e means; so 

a variable buoyancy barge (120) overiying 
e<iid submerged support surface and being 
adjustable between a floating mode in which said 
barge is floatincj above said submerged support 
surface and therefore is susceptible to being 35 
rotated about a verbcal axis, and a sink mode, in 
which said ba^Qe is finnly grounded on said sut>- 
merged support surface; 

means for supporting a horizontally 
extending bulkhead (1 1 8) on ssiid barge (120); 40 

a derrick (1 10) for lifting and depositing on 
the barge a succession of longitudinal subas- 
semblies (108) for a module (124) for a parallel 
midbody (132) for a double hull vessel sakl der- 
lidc being adapted to lift said subassemblies 45 
(108) singly and set each In place on said barge 
around ihe perimeter of said bulkhead (118), 
whereby said baige (120) n>ay be floated and 
rotated bfjtween uses of the derrick (1 1 0) to place 
said subassemblies (1 08) successh/ely theraoh, so 
and may be dis^posed in said suT\k mode while 
each iiujbassembly (108) Is loaded thereonto by 
ssa:d (krrick, and whereby said subassemblies 
(108) may b welded to one another and to said 
butkhearl (118) while disposed on said barge 55 
(120). 



providing a first set of cylindrically curved 
rectangular plates (32) sailaily anranged edge-to- 
edge, all convex in one direction with alt axes of 
curvature vertically orientfjd; 

providing a s&?,ond set of cylindrically cur- 
ved rectangular plates (32) serially arranged 
edge-to-edge, all convex in said one direction 
with all axes of curvature vertically oriented; 

providing a further set of vertically 
arranged rectangular pistes (66) each having one 
longitudinal edge di^^po£;ed adjacent edges of two 
adjoining ones of said plates in said iirst set and 
an opposite longitudinal edge disposed adjacent 
edges of two adjoining ones of sakJ plates in sakJ 
second set to provide respective T-joint sites; 

while holding eachi said plate by engage- 
ment with both opposite faces thereof for main- 
taining a desired shape and posltk)n for each sakJ 
plate, welding a resfvective T'-jofnt (104) at each 
said T-joint site; and 

releasing said plates from beltTg held. 



15. A vessel huW con3l!ructk>n method, comprising: 
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